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The work described in this final report was developed in the framework * 
of an international grant programme for basic research of the US Air 
Force Office of Scientific Research, grant n° AFOSR 78-3529. 


For the realization of the programme contributions were given by 

- Italy : A. Bray, contractor representative, Director of the Isti- 
tuto di Metrologia "G. Colonnetti" (IMGC), Torino; G. Cerutti, physi- 
cist, main investigator, researcher at IMGC; I. Marson, physicist, 
principal investigator, assistant professor at the University of Trie 
ste; F. Alasia, higher-grade technician at IMGC. 

- U.S.A. : B. Szabo, programme manager, Senior Scientist at the 
Terrestrial Science Division, Air Force Geophysical Laboratory (AFSC), 
Hanscom AF Base; W. Spita, gravimetrist, Geodetic Survey Squadron, 
DMATC, Warren AFB, Wyoming; J. Hammond, physicist, Geodesy & Gravity 
Branch, Terrestrial Sciences Division AFGL. 


Measurements in USA were carried out by I. Marson, F. Alasia, W. Spita. 
G. Cerutti gave his cooperation also in preparing the report. 


The Istituto di Metrologia "G. Colonnetti" of the National Research 
Council of Italy, developed, in cooperation with the Bureau Internatio- 
nal des Poids et Mesures (BIPM), Sévres, a new transportable absolute 
gravity meter, with 10 Gal uncertainty. This instrument was used in 
the past two years to determine the gravity acceleration in 17 European 
sites to improve the International Gravity Standardization Net (IGSN 
71). (*) 

In Autumn 1977 measurements were carried out in six sites in the United 
States : Bedford, MASS; Denver, COLO; Bismark, ND; Alamogordo, NM; San 
Francisco, CAL; Miami, FLO, 


The work was supported by the US Air Force Geophysical Laboratory, 
Hanscom AFB, Bedford, Mass, under grant n° AFOSR 78-3529. 


(*) Cerutti,G.; Cannizzo,L.; Sakuma,A. and Hostache,J.: "A transportable 
apparatus for absolute gravity measurements". VDI-Berichte n. 212, 
p. 49-51 (1974). 


Cannizzo,L.; Cerutti,G.; Marson,I. : "Absolute gravity measurements 
in Europe", to appear shortly in Il Nuovo Cimento. 


Symbols and Abbreviations 


g value of gravity acceleration (*) 


2 value of g corrected for tide effect 
corr 


gf final mean value of gravity acceleration at height h from pil 
lar surface, normalized at a reference fringe number and cor- 
rected for electronic delay 


Sr gravity value reduced to reference level (floor or pillar sur- 
face) 

h height from ground or pillar surface of the point where g_ is 
determined 

honk Honkasalo's corrective term 

m standard deviation 

M standard error 

N number of interference fringes in the traiectory of projected 
body 

Ne total number of g measurements at each station 

Np number of reference fringes 

t time interval between the two passages across the higher station 


during one trajectory 


T time interval between the two passages across the lower station 
during one trajectory 


7.¢, Earth tides correction 


U.Time Greenwich mean time (Universal Time) 


(*) The value of g is given by the formula 
4 X(N - 0.25) 
Tr - 4° 


where A = 0,632 991 4156 tm is the wavelength of the He-Ne laser beam. 


THE IMGC ABSOLUTE GRAVITY METER 
Measurement method 


The method adopted consists Of the observation of the symmetrical 
free fall of a body in the gravitational field of the earth, 


The advantages of this method are well known: relative freedom 
from residual air resistance and higher accuracy in time measurements, 
owing to the symmetry of the motion, 


An object is projected vertically upwards and, in its rise and 
fall, it crosses twice two stations separated by distance L, whose value 
is accurately determined. 


Two time intervals, T and t, corresponding to the two passages 
across the lower and upper stations respectively, are measured. The va 
lue of the acceleration due to the gravity force of the earth is given 
by 


9 


g = aLs(t” ~ t*) Qi) 


The vertical gradient of the gravity force being assumed as con- 
stant along the whole trajectory, the value of g obtained from (1) corre 
sponds to a point situated at height 


z «= L/6 + 1/3 YH/6 (2) 


from the apex of the trajectory downwards (1 is the distance between 
the apex and the upper station and is negligible with respect to L). 
The repeatability of the trajectory at each station and the determina- 
tion of the apex are obtained with an uncertainty lower than 1 mm, 


1.2. Technical description 


The essential parts of the apparatus are a Michelson interfero- 
meter and a long-period seismometer (~ 20 s) (Figure 1). On the iner- 
tial mass of the seismometer is placed a corner cube (ccl) forming one 
mirror of the interferometer and the reference fixed point. The radia 
tion from a stabilized HeNe laser is used, A second corner cube (cc?) is 
projected vertically in a vacuum cylinder (* 0.1 Pa) and forms the mov 
able mirror of the interferometer. Two photodetectors (Ph a, Ph b) 
detect the interference fringes during the vertical motion of the corner 
cube and drive the electronic counters of the flight time and the tra- 
jectory length. 


1.3. Measurement techniques 


No physical standard of length is used, therefore measurements 


§ 


start at a pre-determined but arbitrary instant on the upward trajecto- 

ry. At that point, fringe counting begins by means of a bi-directional 

counter guided by the signals of two photomultipliers. Simultaneously, 

computation of the total flight time begins as well. Another time coun 

ter is reset by each fringe in the rise and is stopped only by the first 
fringe in the fall motion, owing to phase relation inversion of the pho- 
todetector signals at the apex of the trajectory. This time interval 

is quantity "t" in eq. (1). 


The upper station is therefore placed at the last fringe in the 
upward motion, If N is the total number of fringes recorded in the 
upward motion and A the wavelength of the laser radiation, then 

A 

2 
In the downward motion the counter counts the number of fringes in de- 
creasing order, and when it reaches fringe 0, it stops counting of time 
T. 


1.4, Errors 
a) Distance measurement 


It is directly connected with the measurement of the value of 
the laser light wavelength and with its stability. A maximum relative 
error of 5 x 107°, corresponding to + 5 yGal, is expected. 


Therefore, the laser wavelength is measured before and after each 
me asurement trip. The use of a stabilized iodine laser of IMGC is 
planned, 


Microseisms influence the determination of distance, as they alter 
the position of the fixed mirror. 


These effects have been reduced by ~~20 times by placing the fixed 
corner cube on the intertial mass of the seismometer. 


The mechanical shocks of the catapult on the movable corner cube 
can be a source of disturbance for the experiment; for this reason, 
measurements begin with a pre-determined delay with respect to the 
STARTING POINT in order to avoid vibration of the corner cube. 


b) Laser beam verticality 


Verticality is obtained using a mercury pool. The error must 
be less than 10 rad in order that errors in "g't measurements can be 
less than 5 ,Gal. No correction was applied to the g value for this 
error, but a + 5 pGal uncertainty was introduced in the overall evalua- 


+. CARS ier 


tion of measurement uncertainty. 


ce) Trajectory verticality 
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Deviation from verticality must be less than 10™° rad over the 


whole trajectory, to obtain homogeneous visibility ( > 80%). 
d) Movable corner cube rotation 


Rotations must be less than 0,03 rad/s. The corner cube must 
be adjusted so that the optical and gravity centres coincide within 
0.1 mm. 


e) Time determination 


A rubidium time standard is used, with 107!9 stability approx- 


imately. A Hewlett-Packard counter, with + 1 ns resolution is used to 
determine time T. The "start" and "stop" pulses, obtained from the 

fringe counter, are affected by the delay-time of the circuits used, 

which introduce a systematic error in the determination of T of 10 ns +0.5 ns, 
In total, the uncertainty in T measurements is of +1.5 ns corresponding 

to approwimately + 6 MGal in g determination (see Table D). 

The error in the determination of t is much higher, owing to the fact 

that a counter with + 100 ns resolution is used. 

Yet, being 


t «<T 
the error on t becomes negligible. 
f) Other influence factors 
____The presence of magnetic fields induce electrical currents in 
the metal of the corner cube during flight. To avoid this effect, all 
the metallic parts are made of amagnetic material, 


The elastic of the catapult may have an electrostatic charge, and 
the movable corner cube may be charged by residual air. The elastic is 
therefore protected by a grounded metallic tube, 


Moreover, if the trajectory is vertical, the tube is perfectly cen 
tred with respect to the corner cube, so that the capacitance between 
them keeps constant during flight and its effect is negligible. 


No corrections were made for buoyancy or for reduction of the 
wavelength of the laser light caused by residual air. 


g) The measured g value corresponds to a height of ©0.8 m from 
the ground. To reduce it to this level, the vertical gradient of 2 
has to be measured, and a correction applied. To do this, a relative 


gravimeter, type La Coste-Ramberg D-17, was used (W. Spita, operator), 
The results obtained at the individual stations, together with their 
measurement uncertainties, are given below. dh represents the differ- | 
ence in the heights at which the 4g gravity difference was measured, | 


Vertical gradient of g at the different stations 


Site Ah(m) dg (Gal) Ag/a& (\Gal/m) 
Redford 677 + 001 205 + 2 302 + 2 
Denver -830 + .00% 2444 2 294 4 2 
Bismark ~821 + .001 209 + 2 255 + 2 
Alamogordo -829 + .001 24444 296 + S 
San Francisco 829 + .001 258 + 3 Sil + 4 
Miami 855 + .001 260 + 3 304 + 4 


A typical example of the evaluation of errors is given below, as well 
as their overall evaluation, 


Source of error Estimated uncertainty 
(Gal) 
1) Laser wavelength +5 
2) Beam direction a) 
3) Time interval T (+1.5 ns) +6 
MAES cist oat eee - 


The uncertainty in the g value is thus *+ 10 )Gal, calculated as the 


square root of the sum of the squares of the individual errors. 


2. PREVIOUS MEASUREMENTS 


As was said before, 17 European sites had been determined (Figure 
2). The results will be pubblished in a special number of the review 
"Il Nuovo Cimento" in the first months of 1978, 


At this point it is interesting to see how the Italian apparatus 
agrees with Sakuma's absolute gravity meter and what is its repeatabi- 
lity (Table A, 8). 


3. 


United States. 


U.S. MBASUREMENTS 


From Oct. 5° to 


Dec, 5 1977 the INGC apparatus was used in the 


The sites were chosen in order to give the highest con- 


tribution to the U.S. portion of the IGSN 71, 


{1994 


O8150 


The stations are: 


A Boston : 


H Denver : 


A Bismark : 


A Alamogordo : 


A San Francisco: 


C Miami 


situated on Pier n° 1 in the building 1111 of 
the HANSCOM AFB, Bedford, Mass. (IGSN 71 point, 
Table &, N) 


situated in room n® 13, Boettcher West, Univer- 
sity of Denver, Colo. (Figure 10, Table F) 


in the basement of the Post Office building in 
Bismark, ND. (Figure 11, Table G) 


on the pier in room n° 10, building 1256, 
Hollomon AFB Alamogordo, NM. (Figure 12, Table H) 


IGSN 71 point. (Table L) 


Situated on the U.S. Naval Observatory Time 
Service Substation, Astrolab building, Miami, 
FLO. {Figure 13, Table M) 


The microseism noise level was, usually, very high (amplitude 

<2 - 3 pam and frequent changes in frequency) except for the station in 
Boston (amplitude < 1 ym). The environment conditions in Miami caused 
some problems because of the temperature and the air currents of the 
air conditioning system, 


The effects are standard deviations higher than the average ones 
in Europe, but still acceptable. 


Tables C and 1 ¢ 


47 show the results of the measurements. 


Figures 3 - 9 report the hystograms of the recorded data. 


TABLE A Comparison with Sakuma's value of "g" at Sévres 


LL 


Station, date er m M 


(Gal) (Gal) (uGal) 


LT 


Pe stt  hts eyneeeeenn 


Sévres A, by Sakuma 980 925 900 

Sévres, May 1976 980 925 892 20 2.0 
Sévres, June 1976 980 925 902 17 1,8 
Saévres, January i977 980 925 896 19 2.1 
Sévres, March 1977 & 980 925 906 17 1.9 


& Owing to the rainy weather, the water level of the Seine river was 
4.5 m higher than the normal level. An increase in the g value is 
thus to be expected. This increase was estimated about 3 yGal by 
Dr. Sakuma. 


TABLE B_ Repeatability of the measurements in the same station 


Station, date 


Sévres, May 1976 
Sévres, June 1976 
Sévres, January 1977 


Sévres, March 1977 


Gdvle, July 1976 


Gavle, August 1976 


Gavle, September 1976 


Torino, July 1976 
Torino, October 1976 
Torino, June 1977 


Torino, September 1977 


er 
yGal ) 


980 925 892 
980 925 902 
980 925 896 
980 925 906 


981 923 527 
981 923 533 
981 923 524 


980 534 256 
980 534 251 
980 534 259 


980 534 259 


(¥Gal) 


(uGal) 
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TABLE D_ Electronic delay time corrections (d.t.c.) and 
reference fringe number N,, 
site d.t.c. (AGal) Ni. 
Bedford I - 42 +6 823 043 
Bedford 11 - 50 +8 600 585 
Denver - 41 +6 880 806 
Bismark - 42 +6 860 116 
Alamogordo - 41 +6 872 542 
San Francisco - 41 + 6 872 621 
Miami - 37 5 1048 096 
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TABLE E 
Site : Bedford I measurements 
h = 787 * .001 m 
Ye = 302 + 2 paGal/m 
Dh | 
er = 980 378 419 4 2 yGal 
ARgrad = 238 + 2 pal | 
honk = 14 yGal 
net uncertainty = +9 pGal 
ar = 980 378 671 + 10 pGal 
TABLE F 
Site : Denver 
h = .797 + .001 m 
Ye = 204 + 2 pGal/m 
oh 
ar = 979 598 033 + 3 pcal 
4 grad = 234 + 2 pGal 
honk = 6 poal 
net uncertainty = + 9 Gal 
Rr = 979 898 275 + 10 peal 


14 


oF 


Sf 


A 8erad 
honk 


net uncertainty 


er 


&f 
A8grad 
honk 


net uncertainty 


gr 


TABLE G 
Bismark 


.790 + .001 m 
255 + 2 pGal/m 


980 612 681 + 3 pGal 
201 + 2 p Gal 

22 AGal 

+ 9 Gal 

980 612 904 + 10 peal 


TABLE H 
Alamogordo 


801 + .001 m 


296 + 5 pGal/m 


979 139 276 + 3 yGal 
237 + 5 pGal 

-4 pGal 

+ 9 pGal 


979 139 509 + 11 pGal 


‘ 


| 
fi 
j 

| 
i 
hi 


prs 
Dh 


&f 


48grad 
honk 


net uncertainty 


Sr 


&f 


A&grad 
honk 


net uncertainty 
&r 


TABLE L 
San Francisco 


-805 + .001 m 
311 + 4 pGal/m 


979 971 810 + 3 Gal 
250 + 4 MGal 

5 Gal 

+ 9 pGal 

979 972 065 + 11 pGal 


TABLE M 
Miami 
.-819 > -001 m 
304 + 4 pGal/m 


979 004 070 + 4 Gal 
249 + 4 pGal 

-16 MGal 

+9 p»Gal 

979 004 303 + 10 pGal 


16 


| 
| 
i 


TABLE N 


Site : Bedford II measurements 
* h = .684 + .001 m 
Ye = 302 +2 yGal/m _ 
ph 
gr = 980 378 454 + 4 »Gal 
O&grad = 207 + 2 pGal 
honk = - 14 eal 
net uncertainty = + 11 Gal 


gr = 980 378 675 + 12 pGal 


FIGURE LIST AND CAPTIONS 
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Schematic drawing of the optical part of gravimeter 


Figure 2 


Absolute stations in Europe 


Figures 3-9 


Measurement hystograms for USA stations 


Figures 10-13 


Monographe of USA stations 
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ABSOLUTE GRAVITY STATIONS 1977 


SITE : 


DENVER 


COUNTRY : 


“| 
4 


% 
| ROOM 14 


COLORADO 
U.S.A. 


GEOGRAPHICAL 
COORDINATES : 


@ 108° 700 w 
A 30° 4560 N 
HH 1623. m 


HALL 


DESCRIPTION : 


On the concrete floor of Room 13, Boetcher West 


Denver University, DENVER 


REMARKS : 


station is monumented 


The 


fig10 


SITE: 


BISH*RCK 


COUNTRY : 


NORTH DAKOTA 
U.S.A. 


GEOGRAPHICAL 
COORDINATES : 


® 11° 13,00 w 
A 46° 49900 N 
H 815m 


DESCRIPTION : 


On the concrete floor of the basement of the 


Post Office Building, BISMARCK 


REMARKS - 


The station is monumented 
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ABSOLUTE GRAVITY STATIONS 1977 


SITE: <2 


ALAMOGORDO 


COUNTRY : 


NEW MEXICO 
U.S.A. 


GEOGRAPHICAL 
COORDINATES : 
@ 106° 53,95 
A 32° 53',60 
H 1263 m 


DESCRIPTION : 


On the pier in Room 10, Building 1286, Hollomon 
ALAMOGORDO 


A.F8. 


REMARKS : 


The station is monumented. 


30 fig.12 


t.} 
COUNTRY : a 


FLORIDA Moin baiting 
U.S.A. 


GEOGRAPHICAL 


COORDINATES . 


@ a 43:00 w 
A 28° 48,00 N 


H 6m sw 166 st | | 


Richmond DA. ZBmi to Dixie High 


DESCRIPTION : 


On the concrete floor of the Astrolab building. 


Time service , Substation, u.s. Naval Observatory 


REMARKS .: 


The Station is monumented. 


The scale in the sketch has not been respected. 


3) fig.13 
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shel Bre 84% hs 368. 210 [3514 [HO bo BO. |-Hib | Bose’ HPP 


Asiars tos Kee 596 aks [4Bhs rye [orb £991 
ol ere 68@ |4ke £30 bSP | 3507 $38, 1 | G23 F50,.3 
13'| 8Fo boo | 4h (RI. 383 [hOPe P54, I |-89.2 FRS.3 
Is! e77 3rd [AES 343, bos [457.3 06,3| 8.3 1B, 0 
Yo| 973 845 |dko AEB, UC | 4001 817.8 |-88, 728, 
231 Fe 199 | hex 269, MB Shed 764, 3| 86.2 ORB. 
I gr £52 [4x LIP Ab URLS 166.8 |.§6.2 CRB 
Mg'| BFS bbs | 426 SPG.ON | HL 783-4 | J. CFS. 2 
33'| 8t4 3hb |4ts 202. foo |thor 33,4 |-P2, TIS3 
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666 foo 
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P20 362 
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Ses 349 
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&63 $41 


Lt? x15. b0f 
LAG 12% « IBL 
4rg AIF 6 LH 
Gri P53, 29° 
423 O59, 308° 
hAkt MB eRde 
AXt O02? ,oW 
AXL SPF. 002 
APS SPS. 56F 
44 008 + BIR 
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Date 
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@ (pGal) Rene 4 (aGal) Notes 
SPYSaE , Lafed?| Nore: 


we $fo 61? F 38,9) <P.0) 180 £2 C6 tee 


406 9 
329.0 
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BI2.F 

60-2 
¢58,2 
42.3 
353.4 
3533 
249.4 
¢fi.o 
432.6 


GPo Tid | ARE ITs, SbF [143-3 
G67 ShS 1423 $43, Jor] LAT 
SEL 58 het P34 Lhe 


FP, 6 
P 9b 
*3¢.8 
zh 
d1h, 2 
L4 
Fel 
715.0 
¥S2.2 
719,2 
kE¢. 4 
74,2" 


G06. F 


*),3 
766.) 


~OP.3 R'>,8 
+664 FIs. 
SP-4 6 Rb. 2 
“385° FOB. 
“HF FXO. 
~Sé,4 RFt2.0 
~5S,3 687, 2 
“S59, ( 6.2 G 
-FO.2 Rs 
~b¥6 YEF.2 
~47.4 735.0 
~&o 1B. 
44,9 Kel. ¢ 
~4308 R87 
Pt X43 & 
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Date Oct. 26, 1977 
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Notes 
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nea N as ae bu felt bre - re fel} NOTES 
i205'| 894 579 hbo 60g 453 \W4b.5|98C 9 BL \-I8 | 9h 618 BOB 
op] 88h 84k LEY 984 BR) | Pld PIS, |-Llio rH, 1 
w'| P22 £62 =| hhh 060,322 | 48.4 GS,4 | -~L00 MS, 3 
€o'}g73 ofB [ahs Lor. ghe |227.0 fos.2 |-\P-s 786.2 
23'| 031 sas |47% 0f3,530 |4e.3 7/404 | -12.4 6Yh.0 
M886 068 [428 34h 500 |13.t F53. 3 |~I7, 3 236.6 
i 30'1 883 Wr | 4% sap.0b2 Warr Fod.t | |bg 68S, 
—_as'lare of? [Are is3,084 [dens ree |lés 696.4 
| axlaer 422 [Are 089.12 [et Yor, x|-IS.§ 589-8 
| 39'| B74 102 | Aes Of. O93 |\WR3 691,3 |-OF S>.3 
by | GPR 443 [ADL O57.5¢5 |B 2 LIA9 Wh.8 bx. 
49'| 669 B29 |423 Fie 409 | Mbeg Fob, 2|\—,! 692.1 
SO"! bgp 17k |423 19>. CE EA Fét.8 |-13-8 ¥S1.0 
55 82 L218 | 42h sPl, 20f spr 798.1, |~'3,6 rk, 8 
58'|\ ete 586 \4rg £40. 3u \29K4 4.9] 13.3 7Sn6 
(Bo'| 873 £83 [kt BG .BR5| 174, F798] -(3,0 76.8 
03'| 873 393 | dtr 253. IW 1506.9 Lis .1\-08 {52.4 
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tat sha s54 | 442 63h. ISO \Mbb | J80 607 7b6.2 | -60.2\ 990 623 EF 


B) Poe SA32 1h29 oge. Wi 497 P13 | 84 X46 
We) 882 264 |bPP LPS. 9B4 {E41 $O$,9|-62 7 z47.0| 
LL eh S95 | bes LOR, of \hf3.a PEP, §|-63,2 R24. 4 
42"! 80 L1R |Add FEF. F668 [493 PGC bo | ~hbeY ad a 
So'| Sir SP4* |Li 018, 284 2001 REP.X | STB 701.4 
52'| Oks $66 | dF 464,483 (331.6 G01. | ~bb,5 3,2 
S6'\ P23 48! | hAh 905.062 | ok, G1E.8 |-6#:8 X¢9.0 
Se" P?2 bOR |h24 66,466 \2%6, (01-6 1~£69.8 232.8 
Yoa'| G70 Zoe | htt on. 548 legeg 2964 |~2e9 22, 
21 PF 124 1426 266.079 |383,4 ® 8.0|-*4, 8 RIS, 2 
le | Plo Sof |424 O95, Play 9+ |-7¢,3 F204 


2} 8% beo lds ob lap Soles | 253 29,2 


Time 
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gro! 
Qa! 
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F 


ae 
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dig KS? 
£49 #3¢ 
Sto M6 
663 FIF 
RFS Ses 
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Boas reo 


99° 6 FAY? 


18.3 | ~P5.3 
$4.6 \-fF-0 
771, 6 $4.2 
724.2 | -F3-9 
G13.) |~Pled 
G 50,2) -23.6 


., Lr gel} | Nore 
G5:6 | fo bP EPP 


%33.0 
Rileg 

For. | 
6.8 
FH-O 
FRO. P 


ALAMOGORDO 


Liew’ euteiches ra 
rial) 3 699 | 426 930, BR 
4'| 864 P3r | 422 704.268 
i9'| 868 132 |ht2 Bod » BS2 
21'| 69 730 «|424 SEL, Ko 
h'| 853 418 | 42 338. Phe 
338597 hb Akt Si. Abe 
wo'l es: 019 [hbrir 986 
43'| 86s 296 | 473 030. 277 
us'| 934 38 = |h20 030, 306 
AB '\ass 744 [hho 41), P77 
$3'1 951989 |4by¥ 39, oe 
S6'\95¢ PFs | Ho Ik6. 130 
$9'1 861 FRO |b? BS OF 
Biol gs2 wo | We biz, 269 
'1363 of2 |khe dor. 640 
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Table 22 
Date Nov. 3, 1977 
Site Hollomon AFB 
Alamogordo | 
g  (poal) T.C.] gop, (iat) | Notes | 
rae Pe a ore Nore 
$9 239 30B.3 \- 2p) IP 4139 324.6 
344.0 |-&hb 344,¢ 
393.0 |-25F 32%, 4 
341,64 \~24.¢ 3/5. 3 
33h. 4 | -2h.1 gil.e 
329.5 | -24. 299, 
35233 |-3/12 3216 
300,23 |-32-3 26 
330,¢ | -33,1 2 92,3 
3/8, o| -3%8 286.2 
324.2) -35%1 2879,/ 
Bork, 1 | -35.8 oi, 
0,0 |- Bil 373, 4 
338. 1 |-¥#. 8 304.2 
3Bis |- 3B XE, § 
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Date Nov. 3, 1977 
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L.Ti wee T Les) |\Fas\l po Le pos Te. at Nor Fs 
19'5?'| Beo ge | 42? o7R oy, |3Ph.6| 9FY 139 F4%2 LAR] Ry BY 3-05 
fo'oz'| gr2 TPB |AET OG, ver |30%0 351.6 1-484 3032 
05'| 8S SIF | 22 B28.785| 220.3 324.2] -48,2 B8Ss 4 
ap'| 84h 133 | WF UC. LEMS 341.9 |- 4B £93.93 
1o'| BEF F423 | OF3 IF le 579| 513 381, 7 |\-t8,0 323, 2 
: 13'| 863 304 | 472 485. 0 |262.9 324.0] -429 6, 
| Is'| 858 Lok |4%/ 225 .9b4 |3d5.1 334.6 |-4A2% 283.9 
| 19'|85% 254 |4Fo cor, 66b| 4572 372.4 | As 324.6 
' | PSF 392 |hrO 316. B36 1346.3 3468 |-4%3 299.4 
Lh’ | 861 Ft | GPA FP KOS | 369.2 334. 4/~42. 1 287.8 
| M'| B65 9BS [43 QB .AP2 1443.1 357.8) -66. 9 HOF 
29° | 862 of2 472 (b9. blr |b566 Slo | ~W? hd 
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Date Nov. 3, 1977 
Site Hollomon AFB 


YS BEST QUALITY PRACTICABLE Alamogordo 
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n ca C 


Ay hyp " 


Sosss 
8F3 26 
se 833 

Sés 453 

G6 188 
S7o 283 
83? BES 
&bo $46 

G64 256 
ST L6o 
8s? +93 
660 400 

8)g of8 

S60 293 
861 316 
S60 P34, 
esr 403 
Gis off 
856 663 
G60 fI3 
665 362 


ve lss 
S6c Ihe 


Task rv ¢ y inet Fe. Nores 
Ade F329, ¥re | 393.1) PFI 139 B49, 6 | 325 | 947 134 £34. Bol tay, 
469 £33 6504 | 4027 gsas |-3¥.4 vi3ssé) 
23 457%, 122 | 253.2 wer | “36,5 2274 4 4 
4?2 999. 9) |3ehr 340.1 | -3a%1 305.0 
h2s S88 . SSP 305.1 323.4 | -34, 287.0 
APR 39! 527 [rrs.4 20p,2 | ~ 34,0 242 
421 cwo.bht |2406 33le yr | ~33,4 C98 3 
kXt 747,462 |35K%6 373.5 | -320 wor 
h22 245 « 96? WHY Be |-32.4 PP RT 
MP3 0206 52 \2Ro PR? | ~31.8 226.8 
42o Y2C,1P3 |333,6 348 2 | 34 37,3 
APi 808 oIS2 {hWnd 334, 2 | - BOT 30549 
doe PhS 079 | s55.2 30,8) -3% / 320,2 
bet 660.94 1316.6 BPS 41-2964 716.0 
hyd Gbet. 186 (A828 35514] - Boo 27.4 
Fi B04, 25213420 3190 9 | - 2706 292.3 
byw 320,22 |blos $03, 4 | -2%0 226.4 
4X2 fo. 485 | 2hheg at3.2 | 6, 3466 
bro £66, 321 \b06.2 322.6 | -26,2 26. 4 
Ayr XE O90 |395.8 30S | ~8N 6 314.3 
A¥Z Oh2. 63; VR 9F 4.3 |~24,3 386 ok 
424 922. 823\44B.P 2097 Ir 2h larg 
AX3 480 + I63% 3308 30lro - 22-4 IYO 
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Table 25 

Date Nov. 4, 1977 . 

Site Hollomon AFB | 
Alamogordo 


—— Schatten natant nnn 


T. ¢. 


UTiws| m Cush [fro] [ u gut) Fcor Eu gull] wores 

ho 1g P68 Fe 1473 909 ks | 931,92) 943-739 oF5.a |sss.e | ye 8g 240.5 
Me] br 364 1473 O14 C08F | 35F2 374.2 14th. 334.0 
3u'| P65 s8t 14F2 999 7/03 [49,3 326-0 |+l3,0 $39.0 
3B] P33 522 1464 264. 202 1269.6 3387 |4lhe 3493 
43'| 653 323 [LZ 410. Ghd | berg 352.0] +4.1 361.1 
4s'| §61 obF | 471 G62, 008 | 3tk.s 360.5 | 4 82 3692 
49| esvsor late 443.72 [379.9 768-3 | 46% 345.2 
So'| 854 616 | bho (02. IBS| 420.4 3683) *6.0 346,2 
59'| 66+ 763 | bz 063. BAS | 503.8 316.8) 42.6 309.4 

iftoo] @sg Kho |4ki 235. 1b2 |46b.3 262.9] alk 264.6 
%) P56 /Bt lo 533. 288/hIB> 2466 | +¢4 J 980 
06'| 85% 200 |4b¢ 7B - 83? [435.2 297,4,|- 4 206 
A2"| 862 300 | 472 2106 136 1492.4 228.2) - 3 225, 4 
I5'| BSF Lp l4Po G03. 216 | 27.4 302. 7|-he8 29.9 
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A 0 


Aby 0f0.€32 | 219.5 | 97P 439 348.4|-2%.4| PAP 139 303.1 


AX? [04.286 2 ypkeF 
42? 9Bo PBs 2226 
424 29), 54 O| 36G6/ 
4X4 460. 608 | 450.8 
£26 923-535) 242.2 
Ak6 595,30 [201.3 
Axe \6P, 204 | 364.% 
46 xo. PF? [222-6 
APL ISR. IES M42 A? 
4k $43,600 42.8 
422 300.497) FT 
Uz, Fe 3,020! 340.4 
42) 066, blo | 44f.4 
47h QF ATR! 22S0 
4FL 522. 944) 440.7 
Lt 536 GOP \b29.2 
42 123.585 | 33603 
#3 893, of5| 52.7 
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Nov. 4, 1977 
Hollomon AFB 
Alamogordo 


349.0) ~30,4 
326.2) ~32, 1 
340, 2|-37.8 
3£30|- 35.5 
391.4) - 56,3 
342.5 | -56 04 

402,9|- 56.5 
3F0.1|~56. 4 
LO, 4) ~ 58+ 
399.2) ~ 96.3 
33-4) -St,0 
345.9] -S5.9 
385.4) - 55-8 
3G & | FF 

MF 2 |-SF0F5 
392% | FF3 
4od.4 |~ 55.1 
AOl,.4 |~F4.9 


259.6 
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ALAMOGORDO Table 27 
Date Nov. 4, 1977 
Site Hollomon AFB 
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Ea ae eT Le mE? Meo tee eee 

Lets P94 KPI \4GO 94, 421 (A959) 9F9 133 380.1 |-h41.2 | RY 239 334 
BSE MPs 14kB IRE. 189 1466.3 3Fhe1 |~40F 333.4 
30'| dei Olk LekF 308.045 [Ab 3P0.2|-39.9 340, 3 
21 8FS B94 LAts Yur o Tb? | 216.4 SoHE ING 320.0 
34) Pet BRA l4xer 542, 1d) [372.3 391. 5°|-36¢ 352.% 
el et8 (Fb | hth 538-022 [h51.1 39? 1 | ~38.0 359.1 
H'\ ero FYS |kFL 531.134 139.4 3307 |~ Heh 2979.3 
42'| B22 YP! | hES hPS 02% | 340.5 SP? | 36-6 3461 
h'| Pe 155 | 425 APS ¥ 3h | 4221 39l00| 36,1 334.9 
47) 36 36F [Ake O46 PRL |/93-8 390.6 | 3K 3 355-3 
50'| 57h 332 |4%5 493.%20| 42.0 35%, 11 ~ 34.3 79g 
52'| Sos Hh | hey FOC. 368 242.7 35409 | -33.¥ 32001 
56'|8%e 890 1426 bo. 3511368 326. 9 |-32.5 34.4 
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Nov. 7, 1977 
Hoilomon AFB 
Alamogordo 


t.c.| g  (ycal) | Notes — 
(~Gal Pi. ee 


Tt. y bu of } NOTES 


cor 7 


APP PEZ2¢O | Wd | 979 139 279.6 | tOd4| $29 13% RAC 


S2h God 
PEI FSO 
G62 395 
G68 2b¥ 
&F3 492 
S¥2 F542 
84¥ 170 


L¥3 (h¥ £436 | 33606 


LET 29F 6866) 42/2 
GF IRF b66 | 201.% 
Gk5 434 1195 | 225 
42s b6é. 609 |4p.I 
LES OFO oflg | 34505 
472 236, ¥OB| 354. 
bt3 641-810 | 357,% 
Ais 265, 281 143.6 
AS 606 . B63 |68,5 
463 o4h, 347 |MbbS 


281-0 |t546 
B49, 2| 157.0 
3040614581 
366, 3+ 57, 
LEB 67 | tT 
Mb,¥ |+5¢.8 
LIF eb | ATb0 
310. | |+53.2 
S6hr 3 \tS2, 
2976 04 | 45001 
34,0 | 4+b72 
268.5| +? 


340.6 
328. 
3APR 
323.6 
3.2 
334-5 
oles 
36306 
313-4 
34705 
353. 
337.2 


u.TINF 


p'so'| 772 229 
54'| 854 662 
57'| §€0 Sho 

‘oo! S73 336 
os') BED 3¥6 
og | ath 46 
H'| &¢ fs 
J3'| 8% BES 
16'| 836 061 
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45'| $69 403 
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58 | 820 bY 
Moi'| FRI Ex 
03| &?2 o2¢ 
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fé BRS. 2B3|3853 
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473 002. 16b | Ybbo4 
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93579 |~Fl-0 
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Notes 


wn L% yok} NOTES 
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906,2 
$68, | 
got? | Bod tay, 
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Bet. 2 
838,3 
OS2 B 
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vse. % 
B*S.3 
BA6, > 
856.4 
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BB. 4 
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B66 od | 
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43] gro 932 1476 366 956 | 2086 709.5 |-46,5 
46) 922312 14r4 242, 48? 1335.4 902.9 |-¢5,? 
AY) 821 GES) EEL S51. G62 | dal. 9420 1] -45.0 
52) 868 5e¢ | 423 s11,053| 240 894.2] 46,3 
541 6F¥ 939 [426 P13,355| wpe 939.6 | 4308 
5? | ere 26 | 425 P22. AG bh! 9305 |~43. 
yy oo'| 963 Poe |4¥2 37% SUS 399.0 REF, 2| 42,4 
03) SF? MEP AY cbf. Ak LO Prd 4G 
QF flo | 4kl 652.24 (9049 913.2 | -blo 
09'| 868 FES |4k3 C1. 530.6 GLO.4 1-406 
21868 28% | 473 F835. 90) 90.4 BV | ~3FF 
A9'| 822 F76 | 424 $14 LpI13D.0 734.3 | 36.2 
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Table 31 


Date Nov. 15, 1977 


Site Accademy of Sciences 


fs Lu Gel) |Te. 


= > aes DeRosa melee 


W58.5| 979 P41 EBO.G\~H-6| WP Pl CCt.2 


ANG 
2OFr4 
45552 
3/7 
357-9 
AAX.4 


269-5 |- 27.3 
G4P SF 1-22. 1 
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GAL. O|- eh 
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049.5 |- 25.8 
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G2S.0 
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§ 23. 
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Site Accademy of Sciences 


Time tT (ps) [t (ys) @  (pcat) | Tec. “—~ (oan) Ries 


corr 


vii) ow | cost fon ox fel |wores 


Tg'| Fb 24S [459 372, 202 l2aa.4] ore tI Bés.0 |-4%3| WP fed G75 | Boo Tj. 


48] B99 006 |4 5b 350, f53| (209 PTF |-49.2 LPF | 

Wo | 820 PUP | hbo F850 396 | hae. F044 |-50.1 £4P.3 | 
Ul 826 EPL O62 MO. hel abst &50. 2 |-61.5 T8¢.7 | Bed Tay | 
39'| €19 O29 1460 0 dhe 5103514 716.0 |~ 64.4 G3tb 
48] 824 512 1464 S52, 057|344.7 Phi. 1 | S64 774,5| Bal Try 


64 


SAN FRANCISCO 


UTime N 
ss) 893 ss 
339) 983 354 
42) ¢fo edb 
43'| 662 340 
4f'| 8%3 F8P 
51'| &F2 266 
55‘) Ff St 
57 |ér%s 739 
33'00'| GF z0 FRR 
Os eFs 36 
©0'35| f3% 2B 
is |frs FL 
Ay) P26 bh 
$2'| $7 033 
Ss'\ C72 FOR 
$?'\ 865 Ibs 
~ 4% oo'| fos PPS 
Ob} 8% 0 32 
oP| FF fo4 
(o'| é6y &o3 


T (ps) 


Pant Feral g te flr [fn 


36/¢3| 979 921 GHl.0 


480 379 85% 

4% F349. 906 

AES £36 6 26% 
&F3 932, fF? 
Ars J43, Fok 

Lkb 630-972 
LES £22. bRe 
Lks 64 .Opb 

AEG 5Ub. Ted 
¢?S O3¢6 290 
Pf 4SP .2h2 
Les bP, FR/ 
Ges 930. Re 
GRE 025 44 

AF 234, hor 
L232 O06 . fb 
4¥3 2¢f, 48 
474 274, OFF 
4FS ALY, #F9 
4¥4 0549,(50 


$83.4 
des 
293, 3 
32f.0 
267.9 
23 xed 
60.5 
SOO 
2642 
shR.o 
398, ] 
272.6 
60.4 
LL ?.8 
196.4 
509, 3 
hLbeF 
M93 
S94,% 
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8 (pGal) g 
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Table 33 
Date Nov. 16, 1977 
Site 


_ _corr 


(pGal ) 


46.9) 999 9% 4 834 


Accademy of Sciences 


| 


Notes 


ge 


2 *f2F)) NOTES 


59,2 | ~4b.1 gir. 
123.4 |-403 FB. 
935.5 |-44.5 Gfe.§ 
757, 3 |~43.7 913.6 
$51-0\~40.4 fog. 
653, 4] -41. GOs 
FIST | Oleg 156.3| Bat try, 
feo. | -hag | fae.2 
(F307 |\~ 399 $12.3 
Pht | -2, F2 3.8 
£443) -(B.7 G22.6 
FHF. | -~ 18.3 P1000 
(bho 61 17.9 WS0.k 
735-8) -17.6 F192 
GIS. 6 | -i24 §oF.2 
£92, 3| -\20 ERS 
57.2 |b ex 840.5 
BL F| ~b oh FOS. 
G3S5.3| ~6 1 079.2 


ak in nl 


ee Se ee ee 


’ 
: 
: 
: 
q 
: 


Een nc crear ccc cc cemsmenennemnsnncriinsnntineaanaamnnmnmn 


. Nn em 
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SAN FRANCISCO 


T (ps) 


H 1) 
a nee 


Table 34 
Date Nov. 
Site 


T.C 


gai) 


17, 1977 


Accademy of Sciences 


(pGat) 


corr __ 


wt ow | Cash [dpa fT fold [ee| fan, DH PeAl wore 


Pal Pie £0 
50| £86 FFA 
53) SPS F62 
S?| £82 45? 
1800" GFE 250 
03'| 8f3 £09 
O8'| §fo S04 
Of] F7P 364 
M'| &&4 O3F 
15'| &Fe POF 
IS’ | BFF 
£3'| Pre 
£5'| eF8 
£3") ere 
3 | Greg 
341 826 
36'| &F6 
38'| e? 5 es4 
Ld'| G¢F SO 
45629 b4f 


Ab4 
6s4 
5 Fo 
633 
463 


LBRO {86 650¥| 436.1| $29 Prt PIRS 


42 oP TIF. Shd| 503.5 
APS 334 674) 407.9 
GRY 495,986 | 156.2 
46 355, bU EPA 
APT G06. b4E\ 305 «4 
4PE 965. $46 | 162.5 
4Pb 386 .36G| /S0.0 
QPS 2 Ul 608| 40,2 
426 528 2U| Shee 
4ts 6¢3.6/3) 2F2.0 
426 270021 | 3492 
A%6 3320L63 392.4 
GG OG. EER] APSA 
AFC 13, 520/699 
As Jie.Fu| 183.0 
4ts F8Q.UR 422.0 
hfs FOE £19 | TOPs 
ARG AK 3,309 394, 3 
476 F 3% , 909 247.0! 


66 


-@2, 

-L6.4 
=25. 
~2RE 
-Aho 
~2A2 
~3I06 
- 33,0 


72h.0 
Gol.2 
016.4 
9Ob.2 
P74 F 
ht 
066.5 
PP1,3 |-33.¢ 
G6S,F |-3504 
(83,3 |-#o 
920. 4 | -38.4 
885+ | ~ 34% 
PFR.4 |-40 
427.3 | “Wie 
GSS.7 |- 43,2, 
93160 | 4h, ¢ 
706 .3)-¢4.4 
F000 |=46,4 
PFt, 3) 426 


Grp fet CERSY 
G02.¢ 
PF S.9 
FO0.S 
(FP .2 
064.4 
FS?.4 
33. 
C325 
GP?.9 
06s 
f32.0 
646.) 
(32.4 
GFF. 
Seek 
$6.3 
G61.u 
S646 
PléR 
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SAN FRANCISCO Table 35 4 


Date Nov. 17, 1977 
eit Site Accademy of Sciences 
it 


Time 


ta on) | mien 
hae Ce a a 

pote got [Te | fo, Depo wore 
A'ey| Pte P36 | 480 832, 603)3499.8| oY WCEP. |-664 |P PI P31 


(Tig 


I TE, TE 


So| SPS (82 [hee 691. Mol|kl Ou 46.3 |~825 Poa aT 
$31 85! Oh9 | A2> sik. M3 | 4663 G3rok | OFA CER 
toto PF? $US LbES G06, boo 1634.6 919. % | Cheek F496 
O31 PFS 30k 1 4FS TSK. OLRIATI.A fol. |-64%.0 732.8 
Oo | PEE 51g | GRE PS? 045/46 24,3 933.6 | ~69.4 G66,2 
OF) PFZ Lhe |AdL 896. 15%) 287.9 903,3| 64,2 33,6 
| JU | eth 202 [42s 53.60 2] Blac 422.0 | 0,2 OSG 
Me | BEG GEL [LET 343-590 how / 9 edt |-%OV6 FRO. 4 
wy'| @x2 OF] | hed SFr. 669 359.4 73a, 4 |-Fl,0 FF4,, 
fo'| peg ess [hts P0006 Bil s945 Flkegt | ele Pa BP 
251 P23 Lu [4 eS FS. POF LAGE V3 Fok |-7006 G66 1 
MS'| FRB FOP NWGRE 120+ 622 | 43404 G8 Fe 4 | 216 Q PIt 
BS) SFL FESLEES hoe S13] Med T7¢.8 | “AR A PRUR 
Br) PFS WE GPS FAL. CPV htou¥ L1G {22,6 fay, > | 4 
salary 686 [hee rey sopelize.o GA? | -f5 GOL ¢ | | 
xl eRe eas [4Fz £47, USP | M4 Fou.0 | ~hay Gah. 3 
ho'| GFL 6L1 [LL kG WE L8G, F 924.1 | Fe. 4 851.2 
uf'| SFL E39 lds hog, ba [352 $44.2 | ~73.0 P62 


THIS PAGE IS BEST QUALITY PRACTICABLE 
FROM COPY FURNISHED TODDC = ___- 


MIAMI Table 36 
Date Nov. 22, 1977 
Site U.S. Naval Observatory 


Time N T (ps ) 8 (pGal) T.C 8 orr ( pal) Notes 


‘Wis RR eae SY (RR Se Ree A a es CES | 
und» | 7 tant [onl p fehl) |re lee Lapel vores 


us] 9X5 ire AGSY 156.604) 25.2 | YFG c06, Wy0,F |+ 58.0 | We coe EP. 38 


| Tol F/4 G3 AE (hl, 936 459.6 Obf.3 | tHe wor, i 
: to'| 424 944 |409 Of. hF/| S00. & shbel | +457,0 201.6 
| 13'| qos Foe [hfe Leb. Pes lees 4405 [aon SGP 
Ms | V0 OFF =| hfs 150. 047 [41200 ol? .o |+Bo or? 20 
35'| 720 IC | hdd obo? fhe] 30g Oh. 2 [bBo Aths | 
46'|) UL 432 | OPS CFF FER 3M > oop, & |459,> 109s 4 
i We'| For 330 |4f3 136. 357|hPh6 13,2 | 99.5 OF Lek 
| So'| os We | 486 O%3,¢23 | Sih 024.2 |459,| ore. a 
53'|| Yo? OL [464 £66. 356) lbG.> 005.4 | 4507 06 4,0 
55| 102 7F6 \4d3 202 flo | 2Fie4 ore, 3 [+585 hh od 
$4'| 406 661 |hh, 23d. bos [dies O46 | +580 Ofh 


of| Jor quo lke 96h. oh2| 66.6 089. 2 | 45%, O85. 


Time | N 


a. Tie 


b\40' 


58 
Bes’ 

03° 
1? 65? 
P00 

0} 


120 346 


| Jot é60 


Gok 136 
Yos Hb1 
Bee 4h 
Goi 66 

413 Ge 
YoR FFE 
703 620 
£99 Lhd 


| 896 935 


bIP 460 
GPs OFF 
G9 303 


MIAMI 


THTS py 
FROM Gk Is 


cory mine 1S seman 


Table 
Date 
Site 


37 


Nov. 22, 


1977 


U.S. Naval Observatory 


= Ke Te, at 
ae el ee 


feo. 4A 


Abe €F9. LY Nahe |9F9 006 COR 4 NthPek | AY 006 MELE 


A&b FPL 2 £30 |\LP40P 
Aga tay. 278 |Liheo 
403 037. ¥32 |476.¢ 
L§2 345, PRY | LE3 
h€2 ffs- 03 |4AbST 
AGE Lhd. Ph3 | hPd 
KG 630.145 |496.% 
AG% 4L7,%38) 3 %h./ 
Aft 252-0 |\48.0 
404 834, 10¢| 4°67 
LEL O48. #3] 05.2 
43t ABs, dOv| 76. d 
L€O 986 © Vh3| h&, 9 


F336 
Zb«k 
A3 «4 
LLe4 
3400 
or. 
Of, 2 
A398 
Abkel 
9h. X 
A564 
49.0 
f0,2 


+464 
4bQ ° 
+hhe 
4404 
139.6 
=“ 39.2 
49,0 
42.2 
43,3 
+ 3.4 
+2.2 
+3 
“AL 


1220 € 
14% .2 
oOs>.2 
64. Ff 
rhe 
65,3 
LO6.2 
Map 
hs 
70.1 
A Sbe0b 
44.3 
*0.6 
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MIAMI Table 38 
Date Nov. 22, 1977 
Site U.S. Naval Observatory 


Ufine| oN T Les) |ALes\y fo  Lufel}| The. | fer 2+ Sl}| weres 

srl P12 P31 | 460 530. p92 |WL2| WP 004 Pore |-29.5 1927 004 132.2 
V0 FS | fo 300 bbl | L572 124, % |-300 Ys. 3 
G96 346 | 4G 4F3.97P [405.2 SNSbe% | 25S 1 Bhd 
Cpe BLL 4f2 B53e 408 | hhKO £03.64 | 24, vt 
904 £60 |hhb 93/4 Ob bas G8 |~H2 S46 
Yous HO | 462 FF3- Go |\hdle3 A O30 |-226 6324 
BIE AAR |4gl TPle KOO \NE.+ 2PF1 0} 41,3 AEDR 
(96 053% 148] 39%. 1f0|3534 Ab3.% |-420 AQOR 
694 342 |4f0 Pad etki |335.2 MAR \-bhyl Mert 
GIL O68 lho 385 bos |4Sd1 £361 \-hMb.0 189.3 
864 9X | Lk? FEL. 546 MES APA |~hho Mh ty 
Go2 288 |hP3 069. LB |34hed 13A,2 |-5201 PSI 
Yoo £06 \kbl Sts 459 |303 Me 0 |~ 53,5 vy.s 
Gos 590 14F3 952, UO | 26.6 NG. % |~56.4 42304 
BIS 35¢ 1464 L09.431 | Hho 138.3 | - Fe? F205 
9 Mo \4d/ 468. OfI\LKO LM 1 | ~5FoA 4b « 
G90 (50 |\dgl 90. LG | 503.6 13 be | 6006 HO 
896 265 NAGI 488.13 \h5A6 AGb.b |\-Ele4 4b 
(15 326 | 46 304. fes| 4381 213.3 | E26 LEGR 


Bfo #74 | 4A9 fol AW \sGA49 WGboD |- 52 ALOR 
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MIAMI Table 39 
Date Nov. 23, 1977 
Site U.S. Naval Observatory 


U.Time N T (ps) eis) |e (pGal) 1c. ae (pGal) oben. | 
it NV Ti psd A cus) 9 Lrfb} |T-e | 9%, Lefel}| were | 
beio'| 94s bbs | 493 569.86 e |388.1 | P79 204 004.9 | +56.%| PA P0Ok CB10 | 
19°50'| %0 els |\500 GAO, ¢LO \1354 Ary.x | ~44 A343 | 
Si®io' | 7053 hs | 58i CIR. 348 | L387 ISI ,.5| 779.27 Or. 

A3'| aks AJO \5041 AFh -3L6 | 4808 A514 2) ~GOrt A FO, 8 | 


Ie'|,0F2 Itt 1521 650.024 | 435.2 (54.3 | ~6l-2 OF 3.2 | 
85'| 103% MO |51¥ 3¢1 bL5 |226.0 176.8 | ~F2.4 ort.4 
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MIAMI Table 40 
Date Nov. 25, 1977 
Site U.S. Naval Observatory 


T.é | t,, Le pl3 |\nNore 


U tial N 


4. fine N | 
Myst’ Joke 409 519 A314 NAPE FP Ck 4.6 \~ 23 | 9279 C04 Bh.3 
8's 4032 At¥ [5S FTO. Pha | 408,2 04% 9 (426.3 ORE 2 i 

45) 403P 375 |S5UF 219, 58% |384.0 be Fale | +22.% RZ.) 

Sol iols 324) [51g 434 OL 493.0 59.0 \tPb2 O00 

59'| 992 /93 |506 Séhebtb |h4543 18k 416,98 ye oe: 
(t'os'| 932 462 |h9d OFP. lO | Lied 93.7 |tHed 1054 

ho'| 1033 F6R | SMH 068.662 \ HE 408 \~ RF 10004 

43|| 995 244 | Fox 342.€f8|692.3 Je010 |- 25 PD. 

53'| 7036 480 |FUX ¥3(,500| 3%, AER FT \- (Seb i549 


IPE AT ORE FUSE TEI EI HERE 12) Sr=ensenE NaN RONEN Se 7ST CO ae <8 TT | 
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MIAMI Table 41 
Date Nov. 25, 1977 
Site U.S. Naval Observatory 


v-time| sone te Tt (ps)] og (pal) T.C, [Sor (pGal) note 
otateana £ meat, Sy ete eee eon iota ts a pict}. 2a A 


uti N eee oe J 1 gol T. ty | Pen, Lie fol} | sor. 
| bso! LORLSHS | TAF 960 bs | FIR |IFY C04 455.3 |~ ORRIN C04 0T6 
| $9'|/033 3Ph | 5dG 1226 bP | Hel AOS, |- 56.0 130.8 
| Dirge’ | sor okt (521 305-256 |LfF.0 130g |-FFr2 OF F4 
| 92"ts'| (05 9646 [583 5m. 582 | 4692 £05, 3 |-P 306 shleR 
{ Zo'| 4043 £03 19/4 £83. c08| 4Ph./ A99.4.|-fh.3 MF. 2 
i 52 (068 be \Fklo Fide G66 |45%t 220.1 |-F6 1 435,43 
$4'| 4030 P43 |F1b6 336-619 |366,3 219.4 |-Sh.0 435.4 
58'| 7 065 EF3 \5Bh VPFORI3 483 fh4,4|- P36 464, 3 
93" u' 1063 482 | 524 373. leo | 30k C (8b, 3 |-Fl.0 osvs.y 
42'| 4075 40: |FLX 378. 226| 47504 AXL, 4 |-%72.3 422.1 
hg'| 4 OF3 334 |) 526 PPh hht| TO%0 Ak 3 ,2| ~FAk ¥2.8 
50'| 1063 94g |\F24 568. 124 bkGe HG, 4 |-68.5 0.4 
53'| 4O5F FEC \522 Fhl. 244 \HFbR 21.2 | ~S S54 
$6'\ 4049 226 |S20 720, /52|24504 Abb.0) ~656 ofl. 
| o0"92'| 4043 342 |\F1F &RO,00)2/L35, J 210.8 -62, “44.2 
o4'| 4043 WP 15196 (52 HZ | hee 159, % |~ Hed ©98.3 
04] gex 534 |F002L29, 2% |2%hel LSE ak | ~$8. 202, 2 
. ft oss 291 | FLE 396, 6b) /336-4 AGL 2 \- TPG Of3§ 
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Table 42 


Date Nov. 26, 1977 


Site U.S. Naval Observatory 


= Ee eee) 


Oo" 3t'| 4069 61S | S25 f5F. O86 
Beo'| poss 3241522 b4G 454 [42RO 
O4'| 4 0F0 493 | 52! £346 OFF [324.5 
op) 403k hee | eF 982. SFL 184.8 


509 GF4e bbO | Lliaesr 
Soy 305 -682 \493.5 
S£o 6444608 \300.6 
512 Shh, 362 | 505.2 
519 401-89 | 8F8B 
sos 496. By | Me 


ja’ | Aeos 140 
4'| 9799 248 
29'| 46 4&8 0% 
S5'\ 0th Axl 
58'| 404k PT 

le ov'| FOF CL3 


oF$.8 |- 72.4 
ob4ge4 + 4b. 


the d|- TF 
LbiF|— 6b 
£0 be9| 1.3 
$04.1 | + 4b,3 
96.3) 44S; 
404-8) 419. 2 


(yGal) | Notes 


T (ps) Ce : . 
vil w | P Leek [Aral f Lapel tc | fem Zifell|nores 


502-8 | 929 004 AGO |~-39-8| WP oe 136. 


Abe .2 


402.2. 
L413 


44) 
105-4 
4028, > 
(4, 
AIdeh 
19G..0 


Teena 
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BOSTON A 


Table 43 
Date Dec. 2, 1977 
Site Hanscom AFB 
Bedford 
J. Time soe N aes T Pa 
af (ps) TaSh | Scope (Gal) Note 
u Time N T Cyus\ ¢. ban T } | Ner, 


uns! Bor x36 456 F327 662 | 3227) 980 378 5083 |-643 |e 3#B 440.0 


The cath p« éf ss susv los been, ee ‘ There fon 
the aveula. mace of As eget te [chara . aieia/ 


hee at” ayn 
ES 


Time 
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BOSTON A 


nad 


Table 
Date 
Site 


IS SEP. 5¥6 | MAI P00 7B FFE.3 | - 4) fo 379 S444 


19 46' 


5k EF 

4&¢ sor 
TEL 346 

559 S73 
553 $43 
5by /39 
55@ kés 
srt uke 
ges 2% 
£50 59S 
S52 Us 
Bar SFs 
F4P 39 
43/ ey 
543 237 
557 697 
S5% 3Ft 
564 936 


35S 234. B53 | 314.7 
364 464.026 |265.2 
380 256 349 |3TU 02 
379 GOK, 637 EA 
30) %e8.249\ 1.0 
3% 4 C4, lo} M78, 

364 126, O86 1346.3 
344 654 S62 |43h4,/ 
3FF OF8 $88) 4%,0 


PF 749 0 bee 284.2 


3F4 OFb. 757 1345 
IPG 338 S22 2197 
333 669 oe EG 
374 564. 5F0 |\2BA4 
FEF 463 - BR MLE 
FF 384.6 Ro| 3479. 
3f1 GPF. 10k |3 19. 


TRS iF | -45e§ 
$45.5 |-40.5 
FLL R 1-398 
S#7.0 |-3.0 
499.2 |~¥#4 
$33.5 |-34.3 
5343 |-3h.7 
FLT |\- HL 
628.3 |-88.8 
S4p.3 |-22.9 
534.4| ore 
4080 
SHS \-2S. 
573.6 
FO.2 
so.e 
S77. 2 


76 


Dec. 3, 1977 
Hanscom AFB 


Fri Ae Re 
Dal Bud 


Lu fol) NoTeés 


PLP.9 


FO3,8 


4 Ble { 


533.6 
461.8 
O79é. 
Ses. 
4 fo. > 
33.9 
FPO. | 
SPR ,6 
$61.3 


SFR 


4BY.0 

é.9 

5642 
FPb.4 


Notes 


Bad tay 
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BOSTON A Table 45 
Date Dec. 3, 1977 
Site Hanscom AFB 
Bedford 


eye @ (pGal) 265 | nes (pGal) Notes 
T Lys} tn Ceph| meres 


4ée (P2 P42 277,916 | 420.3) 190 378 54,3 -¢.8 | 180 I2P Sones | 
999 3945 393 4¢7. O16 | 2278.0 SIG,0\ - 3.5 524.5 
609 CLF | 396 FPL ATE | LES 519.9 | -3,1 Sb. 6 
bes EFI |39F F06e2%4F | 36.3 544,1|-2.3 Sb. 
546 964-1392 EFA: 3557 | 39%7 F06,72| -1b6 5o4. 6 
bor CF3) 1393 999,562 | 376.2 4fd,(| -4.2 433.9 
592 G62 |3¢4 300. %b62 | 266.2 473.3| -<6 4e3.2 
S92 AMO | 394 060,432 |Lh3!/ 498.t\-- 619.0 
SIF F4b \ 3927 Jk3. 395 |\$08.3 672.0 Aho 
S18 (26 \342 374, $b4 \hhAS FSIS 553.6 
S41 600 \370 SEP449 13960) S1Ge6| the 520.8 
Sos les | 360 Ine. f8l | 197.0 70,4 | +2 | 418, 
box 3dr | sre FS. Pe | ber A9354| +27 $aé 
Sfo Clb | 340 656030? | Lr? 6869 |\ +32 70.1 
S82 44 | 28x hs ore | bee hor |w4.2 4bhet 
543 4Lb | 391 bdo ths | 458.2 494 | #42 4990 
bco Loy |393 Fis, FE4 | G66.) hbI4 | 1415.0 4bhied 
$44 Pog 1390 9836743 |M32 4V,0| +503 6793 
BOL BBs \F95 865 522 | 49d03 459.3) 1508 445. 
bo 5 35 = |39R% CFP6,.523 1302-8 $23,2| 16.57 S¢h,z 
boo 20 1393 9b. FF¢ \FF2.3 6104 t6.2 OS6 


rs The de fay Amare at the sroa,4 has be es, chars eal at 
Ths p Ora t 7 


U.Time 


23" yy 
Rt 
£;° 


See ee ee 


THIS PAGE Is 


BOSTON A 


539 sr 
6h OFT 
Sft F2¥ 
572 €96 
bel & 45 


bes 3469 
gap Fos 
$53 I9¢ 
by bFR 
blo #60 

566 302 

594 F40 
SG2 146 
Tre oes 
607? ki? 

533 569 
584 337 
57h Fo3 
529 F2o 
52 391 


BOW CORK TURNS) Bo ang A TEAR 

Table 46 

Date Dec. 3, 1977 

Site Hanscom AFB 

Bedford 
ai if _feore 
Eas’ Tt. | Jon S4 fell 

3e3 BI.FG | 318,0| $60 WR 4fb.b 16.9 | Ho sg FO33 
39% SPS? | 381-49 64,3 | +24 GROG 
390 P58. 462 | bt 2 5IAR | HPeh SEP, 1 
344 4th  235\ L376 $13, 2/476 FPO. 
394 Sho 001W|48S.5 Sth.o|+*%B S21. 
395 606-693 | 136.2) Ifo 3FF 543.6 |410.3 9 3478 FR3.9 
368 $20 P56 | M66 488.0 |4 10,4 46,4 
378 256, 184 | N33 TOPS \t las 58,3 
299 404 £32 | /3/-0 $22.2 | #105 532.2 
347 H2, 102 \4rOR 420.9 \#(0.6 A3i.5 
3892 £2, b98\ 2525 BVih | tlre JO?.c 
37F F446 FF PRY She, 4 |r |Ovd ITS 
397 F60-094 |h64.5 LG2b |e lOuk 6P3. 3 
393 O19. OFF | 43f2 $46.9 \+ lO 557.5 
396 Fla. 2 Yous APR. 4 | elo? 49K 
BFL 158. D2F | 4885 465.2 | bl? At b,4 
390 134. TA | Go€. 473.6 |n(O¥ 4F¢.3 
FL AIG, FPR \LERE SL%O |Our 537.% 
396 Gore 368 \E52.7 4bbeo | 110.6 6%6.6 
390 £13,533 |466,2 $69.5 |#10, $80, © 
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Notes 


NOTE 


THIS PAGE IS BEST QUALITY PRACTICABLE 
FROM COPY FURNISHED TODDG 


BOSTON A Table 47 
Date Dec. 3, 1977 
Site Hanscom AFB 
Bedford 


ee ee ee eee + ee 


ate | Lesy [Asad |g Tefot [re |, Cafe 


tu yo! 566 £40 3GL 419.596 | 2OP0 \GFo RRP SIR 6 410.5 | 980 3%8 58.) 


kf'| 589 67°F |\3¢0 Shr. oer | 3%3.0 5004 \+ (0.5 $30.8 

A5'| 990 438 13869 734.392 |L4L09 495.0 |\+(0.6 sor. 

he’| be0 56s | 393 839. 484 | 243.4 #9F.6 \r lOc 505.9 

5o'| sag srs | 370 GFP. PM LAI > 485.9 |r 10,3 APb. 2 

54° | 583 £50 |38E £4, 135 | 249.3 493,5\r/0.2 503.2 

aP'| 592 G6 139L 292 G18 (349-3 $13,5 |rJ0u 2 
79 


